Objectives: Novel automated computed tomography (CT) software (Valve ASSIST 2) has been developed for transcatheter aortic valve implantation (TAVI), which not only provides threedimensional (3D) reconstruction of multidetector (MD) CT images, but also enables intraprocedural real-time fusion of fluoroscopic and MDCT images. We aimed to clarify the reproducibility and accuracy of this software in the aortic annulus assessment and verify the potential of intraprocedural integrated MDCT imaging for TAVI.
| INTRODUCTION
Transcatheter aortic valve implantation (TAVI) is an attractive option for patients with severe aortic stenosis (AS) with high surgical risk. 1, 2 Because the recent PARTNER-II trial showed the validity of TAVI even in intermediate surgical risk AS patients, 3 the indication of TAVI may be further expanded.
From this perspective, enhancing the safety of this procedure is crucial. To minimize the risk of procedural complications, accurate determination of the aortic annular diameters and correct positioning of the prosthetic valve is vital. [4] [5] [6] For this purpose, multidetector
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computed tomography (MDCT) has an essential role in the assessment of aortic valve complex. [7] [8] [9] However, preceding MDCT software could be applied only to preprocedural assessment of TAVI, and therefore, intraprocedural imaging modalities for TAVI have been required.
Novel automated CT planning and real-time fusion software "Valve ASSIST 2" (GE Healthcare, Waukesha, WI, USA) has been recently developed, which not only provides automated three-dimensional (3D) reconstruction of MDCT images, but also enables intraprocedural real-time fusion of fluoroscopic imaging and MDCT images.
In this study, we reported the preliminary experience of this novel integrated 3D imaging software, and we aimed to evaluate the reproducibility and accuracy of the novel MDCT planning software in the aortic annulus assessment in comparison with 3mensio (3mensio Medical Imaging BV, Bilthoven, The Netherlands) which is currently used as a standard software for the assessment of aortic valve complex prior to TAVI, [10] [11] [12] and report our experience with the potential of intraprocedural integrated MDCT images for TAVI.
| MATERIALS AND METHODS

| Study population
We enrolled 50 consecutive patients with severe AS who underwent transfemoral TAVI at our institute between April and May 2016. Clinical characteristics, echocardiographic, and prognostic data shown in tables were collected prospectively. Complications after TAVI were diagnosed according to Valve Academic Research Consortium-2 definitions. 13 The ethical committee of our institute approved the protocols of this study. All patients consented after being informed about specific risks and alternative treatments. This study was performed in accordance with the Declaration of Helsinki.
| Transthoracic echocardiography
We performed the transthoracic echocardiography by using commer- 3mensio Medical Imaging BV, Bilthoven, The Netherlands), as previously described. 11, 16 The 3D MDCT aortic annulus measurements included area, perimeter, and minimal and maximal diameter. Aortic root measurements were obtained as previously described 17 and in mid-systole. All observers were blinded to background characteristics and previous measurements. Aortic annulus measurements were also performed with the novel planning software by at least two observers.
The software reconstructed the MDCT images and detected the appropriate virtual aortic annulus plane automatically (0-click system) ( Figure 1A ,B). MDCT images could be reevaluated intentionally. After determining virtual aortic annulus plane, aortic annulus area and perimeter were measured by tracing the aortic annulus manually ( Figure 1C ).
| Intraobserver and interobserver reproducibility analysis
For intra-and interobserver reproducibility analysis of aortic root measurements, aortic annulus area and perimeter were measured using the novel planning software by the initial observer twice and by a second observer. All observers were blinded to previous measurements.
| Integration of 3D reconstructed image during procedure
As a preparation for integration of preprocedural CT image into fluoroscopic image during procedure, the aorta, coronary artery orifices, aortic annulus, and calcification on valve leaflets were identified and segmented from 3D CT reconstructed image using the planning software ( Figure 2A ). The software automatically identified the C-arm angulation perpendicular to the valve plane and the closest to frontal projection. This angulation was sent to the gantry of the Discovery IGS 730 angiography system (GE Healthcare, USA). With respect to the C-arm geometrical configuration and X-ray focal point, the fusion software prepared a conic projection of the 3D model which was then overlaid as a silhouette onto real-time fluoroscopy with a default registration ( Figure 2B ). Further manual registration was performed using an aortic root aortography with pigtail catheter in noncoronary cusp ( Figure 2C ), as a common landmark to align the overlay with the X-ray image ( Figure 2D ). At this point, the 3D registered model was synchronized with the movement of the table and the rotation of the C-arm of the system, and was available intraoperatively for live guidance during the device placement ( Figure 2E ) and deployment ( Figure 2F ), without requiring further user interactions. 3 | RESULTS 
| Statistical analysis
| Patients' characteristics
| Outcomes of TAVI procedures
Transcatheter heart valve (THV) was successfully implanted in all cases. Sapien 3 (Edwards Lifesciences, CA, USA) was implanted in 45 patients and Evolut R (Medtronic Inc, MN, USA) was implanted in four patients. Lotus (Boston Scientific, MA, USA) was implanted in one patient (Table 3) . Mean procedural time, fluoroscopy time, and respectively. Prognostic information after TAVI is summarized in Table 4 . In-hospital mortality was 2%, however, no coronary obstruction was observed.
| DISCUSSION
In the present study, we examined the accuracy and reproducibility of a novel TAVI planning software. We also evaluated and summarized our experience of 3D image integrated fluoroscopy-guided TAVI procedure.
The key findings are as follows: (1) there was a strong correlation in the aortic annulus measurement between the novel planning software and 3mensio; (2) the aortic annulus measurement using the novel planning software showed high reproducibility; (3) the TAVI procedure could be performed safely using 3D image integrated fluoroscopy-guidance although there was no comparison with conventional technique.
TAVI has rapidly become a promising therapeutic option for AS. 18, 19 With further expansion of the indication, it is important to establish a safe TAVI procedure by minimizing the complication risk.
Noninvasive imaging modalities play a pivotal role in the preprocedural evaluation. MDCT offers 3D reconstructed images of aortic root anatomy and is the most promising and commonly used tool for anatomy assessment. 7, 8, [20] [21] [22] [23] [24] Automated MDCT postprocessing imaging software, 3mensio, is currently used as a standard method for aortic root dimension evaluation. [10] [11] [12] This study examined the validity of a novel planning software for aortic root measurement by comparing the results with 3mensio. This novel software showed a good correlation with 3mensio derived Tricuspid regurgitation ≥ moderate 7 (14) Data are expressed as mean AE SD, or number (percentage). conduction disturbance. 36, 37 Coronary artery obstruction still remains a critical concern of this procedure. [38] [39] [40] Furthermore, a recent study suggested that coronary artery obstruction after TAVI was difficult to predict. 41 Therefore, there can be more room to ensure safer procedure and further imaging tools for risk stratification. As shown in Second, recent studies suggested that more precise adjustment of implantation height may be required in THV implantation. 37, 42 This intraprocedural integrated image also shows the virtual annulus plane and the distribution of aortic annulus calcification, which are landmarks for THV positioning and implantation. Therefore, it might be helpful for coaxial and appropriate height positioning of THV.
Finally, this might prevent repeated aortic root aortography before THV deployment. Increased contrast volume was associated with higher incidence of acute kidney injury (AKI), 43 resulting in higher mortality after TAVI. 44 Furthermore, baseline renal dysfunction is also associated with AKI occurrence, 45 and about half of the patients who underwent TAVI in this study had chronic kidney disease. Thus, minimizing contrast volume is important. Intraprocedural real-time imaging of aortic root anatomy using fusion technology may contribute to the reduction of the contrast volume during the TAVI procedure. Further study is required to examine this point.
| LIMITATIONS
We acknowledge several limitations in this study. This study is a single-center study with limited sample size, and just a preliminary experience of the application of novel 3D integrated image for TAVI procedure. The intraprocedural 3D integrated fusion image might have various potentials such as the intraprocedural risk assessment, precise adjustment of implantation depth, and minimizing contrast volume. However, we experimentally used this novel software during this study period and the clinical decision was made using 3mensio
alone. Therefore, the potential advantage of this novel software cannot be assessed in this study.
The safety and efficacy of this new 3D image-guided TAVI should be confirmed in larger, prospective, multicenter studies to define its applicability in the clinical practice. Lastly, this novel technique of image fusion with a predefined CTA dataset overlaid on fluoroscopy has some limitations, such as the lack of compensation of the respiratory motion of the patient or the deformation of patient anatomy by the introduction of catheters or placement of prosthesis. In such cases, extra aortography (using small volumes of contrast) is required to adjust the CTA and fluoroscopic aortic root aortography mismatch.
| CONCLUSIONS
The novel planning software showed excellent reproducibility and accuracy in the aortic root anatomy assessment prior to TAVI procedure. Furthermore, the integrated fusion image might have a potential as an intraprocedural imaging modality for TAVI to contribute to the development of a safer procedure.
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